Illusory contours are invoked by the visual system to account for otherwise inexplicable gaps in the image. We report three sets of novel observations on illusory contours. First, when an illusory square is superimposed on a checkerboard pattern there is a considerable enhancement of the contours so long as they are exactly coincident with the borders of the checks. If the checks are misaligned, on the other hand, the illusory contours associated with the pacman edges disappear and a novel percept emerges: the contours of the checks nearest to the illusory square appear enhanced. This result implies that subjective contours are generated by intermediate-level contour interactions rather than the topdown processes of three-dimensional interpretation. Second, we find that steady fixation for as little as 4 set leads to a complete disappearance of the enhanced illusory contours caused, presumably, by adaptation or "fatigue" of cells that signal these contours. Such adaptation occurred even when the illusory contours were rendered invisible by displaying them on a misaligned checkerboard, suggesting that the adaptation occurs prior to the vetoing of the signal by the checks. Third, we found that illusory contours persist for a surprisingly long time (0.3 set) after the inducing elements have been switched off. These results suggest that the stimuli we have designed ("enhanced illusory contours") might provide a novel probe for dissecting different stages involved in the processing of illusory contours and for understanding how the visual system combines different types of contours to construct object boundaries.
INTRODUCTION
shows a square defined by illusory contours (Brady & Grimson, 1981; Coren, 1972; Gregory, 1972; Prazdny, 1985; Francis, 1994; Kanizsa, 1976; Rock, 1983; Schumann, 1904; Kellman & Loukides, 1987) . Such contours can be produced by appropriately aligned black disks from which right-angle sectors have been removed. The brain interprets this figure parsimoniously as an opaque white square with its four corners occluding the four black disks (and not as four sectored disks that have been deceitfully aligned by the experimenter). One has the enigmatic impression of a contour connecting these aligned edges, even though no contour exists physically-hence the name "illusory contours". Whether these contours are physical, physiological, or truly "subjective" is a much debated semantic issue that need not concern us here. Whatever their epistemological implications, illusory contours provide a compelling demonstration of the principle that a great deal of tacit knowledge about the statistics of the natural world must be built into early visual processing.
Collinear edges convey an impression of occlusion because through millions of years of trial and error the brain has learned that collinear edges are usually produced by occluding objects.
Illusory contours are probably extracted fairly early in visual processing (von der Heydt, Peterhans & Baumgartner, 1985) and they are also known to powerfully constrain a number of "front-end" visual processes, such as stereo correspondence (Ramachandran, 1986) motion correspondence (Ramachandran, 1985) and shape from shading (Ramachandran, 1988) . Indeed, many of these illusions (e.g. motion capture) are more strongly influenced by illusory contours than by real luminance edges, an observation which leads to the paradoxical conclusion that, as far as the early visual system is concerned, "illusory contours are more real than real contours" (Ramachandran, 1992) . The paradox is resolved once you realize that the goal of vision is to delineate object boundaries-not merely to respond to edges. And although object boundaries are often associated with luminance edges, such edges can also arise from a number of other spurious sources--e.g. the edges of cast shadows, reflectance edges, etc. Illusory contours, on the other hand, are always associated with the configuration for occlusion, which, in turn, is always diagnostic of a true object boundary.
Remarkably, the early visual system seems to "know" this rule.
